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ABSTRACT 



A new type of sources has been discovered by INTE- 
GRAL. These sources are in the course of being un- 
veiled by means of muhi-wavelength optical, near- and 
mid-infrared observations. Among the high-energy bi- 
nary sources, two distinct classes are appearing. The first 
class is constituted of intrinsically obscured high-energy 
sources, of which IGR J16318-4848 seems to be the 
archetype. The second class is populated by the so-called 
supergiant fast X-ray transients, with IGR J 17544-26 19 
being the archetype. We report here on multi- wave length 
observations of sources from these two classes, focusing 
on optical to mid-infrared observations. We show that in 
the case of the obscured sources IGR J16318-4848 and 
IGR J16195-4945, our observations suggest the presence 
of absorbing material (dust and/or cold gas) enshrouding 
the whole binary system. We then discuss the nature of 
these two different types of sources. 

Key words: INTEGRAL; IGR J16195-4945;IGR J16318- 
4848; IGR J17544-2619; near-infrared; mid-infrared. 



1. INTRODUCTION 



INTEGRAL has performed a detailed survey of the galac- 
tic plane and the ISGRI detector on the IBIS imager 
has discovered many new sources, most of all reported 
in Bird et al. (2006)'. Many of these new sources are 
concentrated in a direction tangent to the Norma arm 
of the Galaxy (see e.g. IChatv & Filliatr3 l2005l and 
^omsick et al. 2004, a region of our Galaxy which is 
rich in star forming regions. The most important re- 
sult of the INTEGRAL observatory to date is probably 
the discovery of many new high energy sources exhibit- 
ing common characteristics which previously had rarely 
been seen. Most of them are high mass X-ray binaries 



'Updated informations about these sources are reported in 
|http://is dc.unige.ch~ro drigue/htnil/igrsources.htinl| 



(HMXBs) hosting a neutron star orbiting around an O/B 
companion, in some cases a supergiant star They then 
divide into two classes. Some of the new sources are 
very obscured, exhibiting a huge intrinsic and local ex- 
tinction. The archetype, and certainly the best exam- 
ple, is the extremely ab sorbed source IGR J16318-4848 
(iFilUatre & Chatvll2()0 4). The other sources are HMXBs 
hosting a supergiant star, exhibiting fast and transient out- 
bursts: an unusual characteristic among HMXBs. They 
are ther efore called Supergiant Fast X-ray Transients 
(SFXTs.lNegiieniela et al.L 12003). 



Since high-energy observations are not enough in order 
to reveal the nature of the newly discovered sources, one 
needs to perform multi-wavelength observations. Indeed, 
the difficulty is that even if INTEGRAL can provide a po- 
sition for these sources which is already very accurate 
for this energy range (^ 2'), the localisation is not accu- 
rate enough in order to pinpoint the source at other wave- 
lengths. So the first stage is to observe in the low energy 
part of the high energy domain, for example with XMM- 
Newton or Chandra. These satellites can give arcsecond 
position accuracy. At this stage, the hunt for the optical 
counterpart of the source is open. However, once again, 
there is a difficulty, due to the high level of absorption 
in this region of the Galaxy, close to the galactic plane. 
One has then to observe in the near-infrared (NIR) do- 
main in order to begin to reveal these sources at these 
wavelengths. Furthermore, since there is a strong absorp- 
tion, there must obviously be some absorbing matter... It 
is only by observing at mid-infrared (MIR) wavelengths 
that one can characterise the nature of this absorbing mat- 
ter, and determine if it is made of cold gas, or dust, or 
anything else... 



We first report here on multi-wavelength observations 
of the two archetypes described above, and give results 
on MIR observations of newly discovered INTEGRAL 
sources belonging to both classes, in Section|2l We then 
discuss these results and conclude in Section|3] 



2. OBSERVATIONS AND RESULTS 

In order to study the newly discovered INTEGRAL 
sources, it is necessary to perform multi-wavelength ob- 
servations in the optical, NIR and MIR domains. The 
multiwavelength observations that we describe here were 
performed at the European Southern Observatory (ESO), 
in 3 domains: 

• optical observations (400 - 800 /xm) with the EMMI in- 
strument, on the 3.5m New Technology Telescope (NTT) 
at La Silla, 

• NIR observations (1 — 2.5 jim) with the SOFI instru- 
ment, on the NTT, 

• and MIR observations (5 - 20 /im) with the VISIR in- 
strument on Melipal, the 8m third Unit Telescope (UT3) 
of the Very Large Telescope (VLT) at Paranal. 

These observations have been done using two different 
modes: Target of Opportunity (ToO) and Visitor modes. 
They include photometry and spectroscopy on 15 INTE- 
GRAL sources in order to identify their counterparts, the 
nature of the companion star, derive the distance, and fi- 
nally characterise the presence, the temperature, and the 
composition of their circumstellar medium. 



2.1. ICR J16318-4848: the archetype of the ob- 
scured high-energy sources 

We will first remind the main characteristics of this 
source in the hig h energy domain (mainly reported in 
iMatt & Guaina zzi 2003 and Wal ter et al J 12003). before 
describing the optical/NIR observations of this source. 
IGR J16318-4848 was the first source to be discovered 
by the ISGRI detector on the IBIS imager onboard IN- 
TEGRAL, on 29 January 2003 at the galactic coordinates 
(Z,&) ^ (336 °, 0.5°), with an uncerta inty radius of local- 
isation of 2' dCourvoisier et alil2003h . ToO observations 
were then triggered with XMM-Newton, which allowed 
a more accurate localisation at 4". XMM-Newton obser- 
vations showed that the source was exhibiting a strong 
absorption of A^h ~ 2 x 10^'' cm^^, a temperature of 
kT = 9 keV, and a photon index ^2. In the high en- 
ergy spectrum a strong Fe absorption edge was visible, 
altogether with Fe Ka, K/3 and Ni Ka fluorescence emis- 
sion lines. The 15-40 keV flux was 50-100 mCrab, the 
luminosity (assuming that the source is located at 5 kpc) 
was L^kpc = 1 — 20 X 10'^^ erg s~^. The flux was highly 
variable (by a factor of 20), and no oscillation was de- 
tected. There were usually 10 hours between flares, and 
2 to 3 days of inactivity were also observed. The lines 
and continuum were varying on a 1000 s timescale: this 
allowed to derive the size of the emitting region to be 
smaller than 3 x 10^^ cm. These X-ray properties, signa- 
ture of wind accretion, were reminiscent of other peculiar 
sources, such as CI Cam and GX 301-2. 

The accurate localisation allowed us to look for the coun- 
terpart at other w avelengths; the res ults that we will now 
report come from lFilliatre & Chatvl ( 120041) . and we refer 



to this paper for more details. ToO photometrical and 
spectroscopic observations in optical and NIR were trig- 
gered just after the discovery of the source, but the ob- 
servations could not be performed before 23-25 Febru- 
ary 2003. IWalteretal. (2003) had reported the discov- 
ery of the optical and NIR counterpart, however, after an 
improved astrometry based on these new optical/NIR ob- 
servations,|Rlliatre & Chaty (2004) showed that they had 
misidentified the optical counterpart. Two optical sources 
were present inside the XMM-Newton EPIC 4" uncer- 
tainty circle, but comparison with the USNO B 1 .0 plate R 
band showed that only one of the two sources varied. This 
independent and i mprov ed astrometry therefore allowed 
'Filliatre & Chaty' ("2004") to discover the real optical coun- 
terpart, and to confirm the NIR counterpart proposed by 
I Walter et alJ t2003). The optical counterpart of the source 
is not seen in the B and V filters (B > 25.4 ± 1.0; V 
> 21.1 ± 0.1), and appears in the R, I and Z filters (R 
= 17.72 ± 0.12; I = 16.05 ± 0.54). The first striking fact 
in the optical/NIR observations was the extreme bright- 
ness of this source in the NIR: the magnitudes of the NIR 
counterpart were J = 10.33 ± 0.14; H = 8.33 ± 0.10 
and Ks = 7.20 ± 0.05. This source is too bright to per- 
form photometrical observations with a 4m class tele- 
scope, even with an integration time of Is! This shows 
the need to maintain small telescopes for such observa- 
tions. 

The second striking fact in the optical/NIR domain is 
the absorption in the optical of this source. By looking 
at the magnitude versus the optical/NIR (B, V, R, I, J, 
H, Ks) wavelengths of IGR J16318-4848 and neighbour 
objects in the field of view, it is obvious that the high 
energy source exhibits an unusually strong intrinsic ab- 
sorption in the optical of Ay — 17.4 magnitudes, much 
stronger than the absorption along the line of sight as ex- 
hibited by the neighbour objects (absorption of Ay = 
11.4 magnitudes), but still 100 times lower than the ab- 
sorption in X-rays! This led Filliatre & Chaty ( 2004*) to 
suggest that the material absorbing in the X-rays must be 
concentrated around the compact object, while there is 
some material absorbing in the optical/NIR which is con- 
centrated around the whole system. 

The NIR spectroscopy in the 0.95 — 2.5 fjm domain, 
shown in Figures and|3j revealed the third striking 
fact of this optical/NIR domain: the high energy source 
exhibits an unusual spectrum in NIR, very rich in many 
strong emission lines. The different lines allow us to 
characterise the medium around this object. We remind 
here the main characteristics: 

• the strong H (Brackett, Paschen, Pfund) and Hel (P- 
Cygni profiles) lines emanate from a dense and ionised 
wind, 

• the He II lines come from a highly excited region in the 
vicinity of the compact object, 

• the forbidden [Fell] lines indicate the presence of shock 
heated material, 

• the allowed Fell lines imply a medium with densities 
greater than 10^ — 10^ cm~^, 

• the Nal lines arise from cool and dense regions. 
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Figure 1. MR spectrum ( 0.95-1.65 um)of IGRJ 16318- 
4848, taken at ESO/NTT \Filliatre & Chatd \2004) . 



Figure 3. MR spectrum (2.0-2.55 imi) of lGR J 16318- 
4848, taken at ESO/NTT \Filliatre & ChatA\2004} . 
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Figure 2. MR spectrum (^1.5-2.05 iim) of lGR J 16318- 
4848, taken at ESO/NTT \Filliatre & ChapX \2004) . 



shielded from both stellar and compact object radiation. 

From these characteristics it is therefore clear that lines 
originate from different media (exhibiting various den- 
sities and temperatures), suggesting the presence in this 
high energy source of a highly complex and stratified cir- 
cumstellar environment, and also the presence of an enve- 
lope and a wind. Only luminous post main sequence stars 
show such extreme environments, and then the compan- 
ion star is most likely a sgB[e] star (or even an unclassi- 
fied uncl/sgB[e] star because of its high luminosity). The 
system is therefore a high-mass X-ray binary system. As 
it was the case in the X-rays, the NIR characteristics are 
also reminiscent of the other peculiar high energy source 
CI Cam. 



iFilliatre & Chatvl (|2004) then built the multi-wavelength 
Spectral Energy Distribution (SED) of this source, from 



radio to X-rays, including optical and NIR domains. 
They fitted a black-body representing the companion star 
to these observations, and derived the following param- 
eters: At, — 17.5 magnitudes, L ^ lO^L'g^.p^ x Lq, 

T = 20250 K, M = SOM© and r/D = 5 x IQ-io, where 
A^ is the absorption in the V band and L, T, M, r and D 
are the companion star luminosity, temperature, mass, ra- 
dius and distance respectively. These parameters imply a 
high luminosity, high temperature and massive star, there- 
fore likely a supergiant, located at 6 kpc. The photome- 
try, spectroscopy and fit of the SED therefore give results 
which are consistent between each other Furthermore, 
by locating these parameters on a Hertzprung-Russel (or 
temperature-luminosity) diagram, one can see that this 
companion star is located at the edge of the blue super- 
giant domain, indicating that we are facing an extreme 
object even among those already extreme blue supergiant 
stars ! 

The SED can also allow us to try to derive the nature of 
the compact object. Indeed, a correlation in the black 
hole systems associated with low/hard X-ray emission 
has been found be tween X-ray and radio flux densities 
(iGaUo et alLliool . If the compact object of IGR J16318- 
4848 were a black hole, its 50- 1 00 mCrab low/hard X-ray 
flux would lead to a 10 mJy radio flux. However, radio 
ATCA observation on 9 February 2003 did not detect any 
source up to 0.1 mJy, suggesting that the compact object 
is a neutron star But we point out that we have to be cau- 
tious, since this correla tion might not be so universal, see 
for instance fCadoUe Bel et alJ (l2006l) . 

Now, the question which remains open is: what is the 
cause of this unusual absorption in the optical/NIR do- 
main? In order to answer to this question, we recently 
obtained MIR observations with VISIR on VLT/UT3. We 
were therefore able to fit IGR J 163 18-4848 SED from op- 
tical to MIR wavelengths, including data from ESO/NTT, 
Spitzer (GLIMPSE survey) and VLT/VISIR (see Figure 



0}. We fitted the observations with a model of a compan- 
ion star (taking usual parameters of a sgB[e]) and sim- 
ple spherical dust component. More details on this fit- 
ting procedure are given in Section l23l We found for 
the parameters of the companion star a temperature of 
T= 23500 K, radius R^tar = 20.4i?Q = 15 x lOSkm, 
and a dust component with the following parameters: T 
= 900 K, radius R= URstar = 171 x 10^ km and_ 
Ay = 17.6 magnitudes. The derived distance was of | 
D = 1.2 kpc. The x^/dof of the fit was of 1884/56, a ? 
high value mainly due to the very small error bars in the 
MIR domain (more details about this work will be given 
in Rahoui and Chaty, in prep.). What is important in this 
result is that in the case of IGR J16318-4848 there is a 
need for an extra (e.g. dust) component. The extension 
of this dust component seems to suggest that it enshrouds 
the whole binary system, perhaps as would do a cocoon 
of dust. 

Let us now summarise briefly the nature of IGR J16318- 
4848. We are facing an HMXB system, located at a dis- 
tance between 1 to 6 kpc, hosting a neutron star (proba- 
bly) and an early-type supergiant B [e] star It is therefore 
the second HMXB with a sgB[e] stai-, after CI Cam. The 
most striking facts are that i) the compact object seems 
to be surrounded by absorbing material and ii) the whole 
system itself seems to be surrounded by a dense and ab- 
sorbing dusty circumstellar material envelope or cocoon, 
and by both cold and hot stellar wind components. 



2.2. IGR J17544-2619: the archetype of the Super- 
giant Fast X-ray Transients 



The Supergiant Fast X-ray Transients (SFXTs) is a class 
of sources identified among the recently discovered IN- 
TEGRAL sources. As their name indicates it, this class is 
constituted of high-energy transient sources, whose com- 
mon characteristics are: they exhibit rapid outbursts, last- 
ing only hours, a faint quiescent emission, their high en- 
ergy spectra require a BH or NS accretor, and they host 
O/B supergiant companion stars. Among these sources, 
IGR J 17544-26 19 seems to be the archetype, since it ex- 
hibits all characteristics that are common to sources be- 
longing to this SFXT class. We will now review high 
energy properties of IGR J 17544-26 19 before reporting 
optical/NIR observations. 

IGR J 17544-26 19 is a bright recurrent transient X-ray 
source which has been discovered by INTEGRAL on 
17 September 2003, at 3° from the Galactic centre 
(Sunyaev et al., 2003). XMM-Newton had observed the 
field of this source, and EPIC had detected an X-ray 
counterpart with mean 0.5-10 keV unabsorbed variable 
luminosity of 1.1 — 5.7 x 10"^^ ergs~^ for an assumed 
distance of 8 kpc (see Gonzalez-Riestra et al. 2004). The 
EPIC spectra can be represented by a power-law model 
with variable photon indices of 1.42 — 2.25 ± 0.15. The 
0.5-10 keV spectrum hardens with increasing intensity. 
This source has therefore a very hard X-ray spectrum, 
and exhibits a faint intrinsic absorption (10^^ cm^^). Its 
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Figure 4. Optical to MIR SED of IGR J16318-4848, 
including data from ESO/NTT, VISIR on VLT/UT3 and 
Spitzer (GLIMPSE survey). The observations fitted with 
both a model of a companion star ( taking usual pa- 
rameters of a sgB[e]) and simple spherical dust com- 
ponent allowed us to derive the following parameters: 
i) for the companion star: temperature T = 23500-ftr 
and radius Rgtar — 20.4i?Q = 15 x 10^ km; ii) for 
the dust component: temperature T = 900K, radius R 
= 12Rsta7- = 171 X 10^ km. The absorption we derived 
was Ay — 17.6 magnitudes, and the distance D — 1.2 
kpc. The high x^/dof value of the fit ( =1884/56) is mainly 
due to the very small error bars in the MIR domain. The 
main result given by this SED is that in the case of IGR 
J 163 18-4848 there is a need for an extra (e.g. dust) com- 
ponent in order to fit its SED. 



bursts last for hours, in-between bursts it exhibits long 
quiescenc e periods, and there is a long outburst period of 
165 days ( iNeeueruela et al„ 2006). Furthermore, there is 
no ra dio emission up to an upper Umit of 7.35 mJy at 0.61 
GHz dPandev et al .'. 2006^. The nature of the compact ob- 
i ect is probably a neutron star, as suggested by in't ZanJ 
(l2005l) . Some of the high-energy properties of this source 
were similar to other INTEGRAL sources (such as IGR 
J 16 3 18-4848, IGR J 16320- 4851, IGR J16358-4726, see 
e.g. IChatv & Filliatre*2005'). The question which rapidly 
arose concerning this source was then: is it another highly 
absorbed galactic X-ray binary? But the rapid outbursts 
of this source, quite unusual among the HMXBs, could 
even suggest that it was belonging to a new kind of X-ray 
binaries. It was therefore important to establish its nature, 
and once again, the optical and infrared observations will 
play here a crucial role in revealing this source. 



iPellizza etal] (l2006h managed to get optical/NIR ToO 
observations only one day after the discovery of this 
source. We report here their main results, and refer to 
Pellizza et al. (2006) for more details on the study of the 
optical/NIR counterpart of this source. Inside the INTE- 
GRAL 2' uncertainty radius circle of IGR J 17544-26 19, 
there is a ROSAT source (IRXS J175428, with 23" un- 
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Figure 5. Optical spectrum oflGR Jl 7544-2619 s h owing 
the identified lines, among which \Pelli77a et al\ \2006ti 
found strong HI, Hel and Hell lines typical of an 0-type 
star Upper panel: Blue spectrum of ICR J 17 544-2619 
(upper curve) and the standard 09Ib star HD 188209. 
The high degree of similarity between them supports 
their classification oflGR J 17 544-2619 as an 09Ib star 
Lower panel: Spectrum of IGR J17544-2619 between 
5000 A and 8500 A. 

certainty radius) which is in fact not connected with IGR 
J17544-2619. XMM-Newton observations have allowed 
to accurately localise the source with a 4" uncertainty ra- 
dius circle. But even in such a small circle, there were 5 
optical candidate counterparts inside: a bright candidate 
(called CI in PelHzza et al. 2006) identified in USNO and 
2MASS, three very faint candidates (C2, C3 and C5), 
probably foreground dwarf stars, a nd finally an extended 
object (C4), likely a high-z galaxy. iPellizza et al.l J2006h 
have shown that the CI candidate had to be the coun- 
terpart of IGR J 17544-26 19, and confirmed it by an as- 
trometry including Chandra observations. Indeed, these 
observations allowed to localise this source even more ac- 
curately, with a 0.4" uncertainty error circle. 

Spectroscopy was thereafter performed on the CI candi- 
date, and the spectrum is shown in Figure|5j characteristic 
of a blue supergiant of spectral type 09Ib, with a mass of 
25 - 28A/o and temperature of T 31000 K: the system 
is therefore an HMXB. The spectrum also exhibits Ha P- 
Cygni profiles, suggesting the presence of a stellar wind 
at a velocity of 265±20 km/s. If this is confirmed, it is un- 
usually mild for O stars (this value is for instance smaller 
than the wind velocity of 400 km/s in IGR J16318-4848 
reported in Fill iatre & Chatv.2004.) . The derived distance 
was of 3-4 kpc. 

In order to better characterise the nature of the emission 
of this source, and to answer to the question of the pres- 
ence of dust around this type of sources, we recently ob- 
tained MIR observations with VISIR on VLT/UT3. We 
were therefore able to fit IGR J 17544-26 19 SED from op- 
tical to MIR wavelengths, including data from ESO/NTT, 
Spitzer (GLIMPSE survey) and VISIR on VLT/UT3 (see 
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Figure 6. Optical to MIR SED of IGR J 17 544-2619, 
including data from ESO/NTT, VISIR on VLT/UT3 and 
Spitzer (GLIMPSE survey). The observations were fitted 
with a model of a companion star ( taking usual param- 
eters of an 0/B star) which allowed us to derive the fol- 
lowing parameters for the companion star: temperature 
T= 30500 K and radius R star = 21.9Rq = 15x10^ fern; 
The absorption we derived was Ay = 5.9 magnitudes, 
and the distance D = 3.9 kpc. The x^/dof value of the fit 
is 84/48. The main result given by this SED is that in the 
case of IGR J17544-2619 there is no need for any extra 
(e.g. dust) component in order to fit its SED, and only a 
stellar component is necessary. 

Figure |6j. We fitted the observations with a model of 
a companion star (taking usual parameters of an 09Ib 
star) allowing us to derive the following parameters for 
the companion star: temperature T = 30500 K and ra- 
dius Rsfar — 21.9i?0 = 15 X 10^ km. The absorption 
we derived was = 5.9 magnitudes, and the distance 
D = 3.9 kpc. The x^/dof value of the fit is 84/48 (more 
details about this work will be given in Rahoui and Chaty, 
in prep.). The main result given by this SED is that in the 
case of IGR J 17544-26 19 there is no need for any extra 
(e.g. dust) component in order to fit its SED, and only a 
stellar component is necessary. 

Let us now summarise the nature of IGR J17544-26I9. 
It is a HMXB at a distance of 3-4 kpc, constituted by a 
supergiant of spectral type 09Ib (Mass of 25 — 28^/©), 
with a mild stellar wind and a compact object which is 
likely a neutron star, without any absorbing material. 



2.3. MIR observations of INTEGRAL sources 

Apart from the two sources described above, we also ob- 
served other newly discovered INTEGRAL sources. The 
optical and NIR results will be presented in Chaty et al. 
(in prep.). We report here the main results about MIR ob- 
servations (more details about this work will be given in 



Rahoui and Chaty, in prep.)- The MIR observations were 
performed on 2005/2006 at Paranal UT3-VISIR, and we 
present the resuhs in Table [2 From this Table one can 
see that we detected in the MIR domain 9 INTEGRAL 
sources out of 14. We fitted the optical to MIR emission 
of these sources by an absorbed blackbody representing 
the stellar emission. The free parameters of the fit were 
the absorption in the V-band, the system distance and the 
companion star blackbody temperature and radius. The 

absorption at wavelengths A was computed using ra- 
tios given in lRieke & LebofskvlJl985h for optical bands 
and MIR wavelengths above 8 /xm. For wavelengths from 
1.25 to 8 / im, we used th e analytical expression given in 
^ndebetouw et all ( 120051) . Fits' were optimised by min- 
imising the x^- 

For most of the sources the SEDs were accurately fitted, 
showing that the MIR emission has a stellar origin, and 
corresponds to the Rayleigh- Jeans tail of the blackbody 
stellar spectrum. However, in the case of IGR J16318- 
4848 (as described above) and IGR J16195-4945, the fit- 
ted fluxes were too low compared to the observed MIR 
fluxes. We therefore had to add the blackbody emission 
of a spherical dust cloud centred on the companion star, 
in order to improve the fits in the MIR domain, consider- 
ing their high fluxes at these wavelengths. Only in these 
two cases, dust cloud blackbody temperature and radius 
were also free parameters of the fits. 

We ah-eady showed the fit of IGR J16318-4848 in Figure 
El We show the fit of IGR J16195-4945 SED from NIR 
to MIR wavelengths, including data from ESO/NTT and 
Spitzer (GLIMPSE survey) in Figure|7l We fitted the ob- 
servations with a model of a companion star (taking usual 
parameters of an O/B star) and simple spherical dust com- 
ponent. We found a temperature of T = 23100 K, radius 
Rstar = 22.6i?0 = 15 X 10^ km for the parameters of 
the companion star, and a dust component with the fol- 
lowing parameters: T = 950 K, radius R = G.lRstar — 
95 X 10^ km and = 15.4 magnitudes. The derived 
distance was of D = 8.4 kpc. The x^/dof of the fit was of 
17/42, which shows the good quality of the fit. What is 
important in this result is that in the case of IGR J16195- 
4945, as for IGR J16318-4848, there is the need for an 
extra (e.g. dust) component. Again, as for IGR J16318- 
4848, the extension of this dust component seems to sug- 
gest that it is enshrouding the whole binary system, per- 
haps as would do a cocoon of dust. 

We have to point out that we are more cautious in our con- 
clusions about IGR J16195-4945 than with IGR J16318- 
4848, since i) the former was not detected with VISIR, 
but only with SPITZER, and ii) the ESO/NTT optical 
magnitudes seem to be those of a ble nded object (see 
iTomsick et alJl2006l and iTovmassian et al.i.2006i) . How- 
ever, both sources seem to be very similar, since they 
exhibit the same temperature (~ 23000 K) and are 
highly obscured sources: they both exhibit absorption 
of Ay ^ 17 magnitudes in the optical, and their col- 
umn density derived from X-ray observations is respec- 
tively TVh = 2.1 X 10^4 cm-2 for IGR J16318-4848 
and Nu - 10^3 cm'^ for IGR J16195-4945. In fact. 



the case of IGR J16195-4945 is extremely interesting, 
since it would look very much like IGR J16318-4848 
if it were located at the same distance (our fits suggest 
that IGR J16195-4945 is 7 times more distant than IGR 
J16318-4848). Therefore, the parameters derived from 
our fits suggest that IGR J 16 195-4945 should not be visi- 
ble in optical, and this result is consistent with the conclu- 
sion by Tovmassian et al. ( 2006) that the optical source 
observed in Toms ick et al.1 82006 ) is not the INTEGRAL 
source but a foreground object. 

Another important point is that the fits are very dependent 
on the absorption correction used, and the sources which 
exhibit a high absorption seem to be better fitted with the 
absorption correction given in Indebetouw et al. (2005) 
than the one of iRieke & Le bofskv ( 1985), probably be- 
cause the former has been calibrated using more recent 
MIR data taken from Spitzer observations. In summary, 
if the observations and the fits leave no place to any doubt 
about the presence of dust around IGR J16318-4848, the 
situation is less clear for IGR J16195-4945, even if the 
parameters derived by fitting the observations suggest its 
presence. 

Therefore, in two cases only, concerning the sources IGR 
J16318-4848 and IGR J 16 195-4945, the presence of cold 
dust is required by the fits. In this context, IGR J16318- 
4848 proves once again that it is an extraordinary source 
among other INTEGRAL sources, and that there is much 
more absorbing material around this source than around 
flie others. Therefore IGR J16318-4848, and probably 
also IGR J16195-4945, remain exceptional cases, which 
might probably deserve to constitute a class by them- 
selves! 



3. DISCUSSION AND CONCLUSIONS 



Now, the question which remains is: "what are these 
sources?". 80% of these newly discovered INTEGRAL 
sources are HMXBs, hosting compact objects (proba- 
bly neutron stars) orbiting around O/B supergiant secon- 
daries. These systems are wind accretors, and exhibit 
a more or less substantial extra absorption. Obscured 
sources and SFXTs share similar properties, however, 
they are not the same type of sources, mainly because 
this excess in absorption does not seem to have the same 
origin in both classes of sources. For instance, the ex- 
cess of absorption is caused by two different phenomena 
in the case of the highly obscured sources, such as IGR 
J16318-4848. Indeed, in this case, the observations from 
high energy to MIR domains suggest that there is some 
absorbing material concentrated around the compact ob- 
ject, and also some dust, cold gas, or even a cocoon of 
dust, enshrouding the whole binary system. On the con- 
ti-ary, in the case of SFXTs, such as IGR J 17544-26 19, the 
presence of the absorbing material seems concentrated 
around the compact object only, and MIR observations 
show that there is no need of any other absorbing mate- 
rial around the whole system. 



Table 1. Summary of MIR observations of newly discovered INTEGRAL sources. We give in this Table the name of the 
sources, their coordinates, their type (SFXT or OBS -obscured source-), their spectral type (SpT), the reference (Ref) 
about the spectral type, and their MIR magnitudes in the PAHl f8.59 pm), PAH2 fll.25 pm) and Q2 ("18.72 pm) filters. 
The classification as SFXT is still subjective, since we miss some accurate observations on a long-term scale for most of 
the source s. Th e spectral types come from optical/NIR spectroscopy, reported in the following references: c: Chaty et a l. 
in prep., f:\Fillia tre & Chaty (2004), i: in't Zand et al. (2006), nl: Nesueruela et al. ( 2005 ). n2: Neeueruelaet al\\2006i) . 
p: \Pelli77a et al\ \200a) . t: VTomsick et al\ Ii200dtl . z: IZurita Heras et al.\ A200a) . 



Sources 


a (J2000) 


S (J2000) 


Type 


SpT 


Ref 


PAHl 


PAH2 


Q2 


IGR J16195-4945 


16 19 32.20 


-49 44 30.7 


OBS 


OB 


t 


<6.12 


< 7.83 


< 50.25 


IGR J 16207-5 129 


16 20 46.26 


-51 30 06.0 






t 


22±1.4 


9.4±1.0 


< 53.37 


IGR J16318-4848 


16 31 48.60 


-48 49 00.0 


OBS 


sgB[e] 


f 


409±2.4 


322±3.26 


172±14.9 


IGR J16320-4751 


16 32 01.90 


-47 52 27.0 




OB 


c 


12.1±2.67 


6.3±1.84 




IGR J16358-4527 


16 35 53.80 


-47 25 41.1 








<6.84 






IGR J16418-4532 


16 41 51.00 


-45 32 25.0 


SFXT 






<5.83 






IGR J16465-4507 


16 46 35.50 


-45 07 04.0 


SFXT 


B0.5I 


nl 


8.69±1.77 


4.7±0.9 




IGR J 16479-45 14 


16 48 06.60 


-45 12 08.0 


SFXT 


OB 


c 


12±1.3 


7±1.7 




IGR J17252-3616 


17 25 11.40 


-36 16 58.6 




OB 


z 


6±0.6 


2±0.4 




IGR J17391-3021 


17 39 11.58 


-30 20 37.6 


SFXT 


08Iab(f) 


n2 


70.2±1.61 


46.5±2.64 




IGR J 17544-26 19 


17 54 25.28 


-26 19 52.6 


SFXT 


09Ib 


P 


36±2.77 


20.2±2.07 




IGR J 17597-2201 


17 59 45.70 


-22 01 39.0 








<6.12 






IGR J 18027-20 16 


18 02 42.00 


-20 17 18.0 




sgOB 


c 


<6.00 






IGRJ19140H-0951 


19 14 04.23 


H-09 52 58.3 




OB? 


c 


35±1.4 


19±1.4 





We can therefore try to distinguish the nature of both 
classes by speculating on the geometry of these systems: 

• The highly obscured sources (for which the 
archetype is IGR J16318-4848) are characterised by 
the presence of absorbing material both around the 
compact object and around the whole binary system. 
Their characteristics might be explained by the pres- 
ence of a compact object (neutron star or black hole) 
orbiting within the dense wind surrounding the com- 
panion star 

• The SFXTs (for which the ai-chetype is IGR J 17544- 
2619) are characterised by fast X-ray outbursts, and 
the presence of a supergiant companion star. Their 
characteristics might be explained by the presence of 
a compact object (neutron star or black hole) located 
on a wide orbit around the companion star, and it 
is probably when the compact object penetrates the 
envelope of the star that outbursts are caused. 

Therefore the X-ray transient or persistent nature of these 
sources might be related to the geometry of these sys- 
tems. Obviously the confirmation of this view will prob- 
ably be given by the knowledge of their orbital periods. 
Many questions are still open, and most of them are re- 
lated to the presence of the MIR excess in these sources. 
For instance, no radio emission has been detected in any 
of these systems, while it is commonly detected among 
high energy binary systems, therefore it seems that there 
is something special here again with these sources. One 



possibility is that the dust might prevent the triggering of 
the jets. But in order to answer to this question, we will 
need to better characterise the dust, its temperature, com- 
position, geometry, extension around the system, etc... 
And also, we need to investigate where this dust or cold 
gas comes from... But probably the most important ques- 
tion is: is this unusual circumstellar environment due to 
stellar evolution OR to the binary system itself? We are 
now facing a dominant population of high energy binary 
systems born with two very massive components. These 
systems are probably the primary progenitors of NS/NS 
or NS/BH mergers. There is therefore the possibility that 
they are related with short/hard gamma-ray bursts, and 
also that they might be good candidates of gravitational 
wave emitters. 



To summarise, a new population of sources has been re- 
cently revealed by INTEGRAL, and it appears that a care- 
ful study of this new population might provide hints on 
the geometry of high energy binary systems, and a better 
understanding of the evolution of these systems. Our final 
word will be that, because they are obscured, the "Norma 
arm" sources can only be studied in the high-energy and 
infrared domains. A joint study with multiwavelength 
high-energy, optical, NIR, MIR (and radio) observations 
is therefore necessary, especially during bursts of these 
sources. 



Av=15.4,D.=8.4kpc,T^=23100K,R..=22.6Rsup,Tdust=950K,Rdust=6-1R* 




A.{n.m) 

Figure 7. NIR to MIR SED oflGR J 16195-4945, includ- 
ing data from ESO/NTT and Spitzer ( GLIMPSE survey). 
The observations fitted with both a model of a compan- 
ion star ( taking usual parameters of an 0/B star) and 
simple dust component allowed us to derive the follow- 
ing parameters: i) for the companion star: temperature 
T= 23100 K and radius R star- = 22.6i?Q = 15xl0^/tm; 
ii) for the dust component: temperature T = %?)0K, ra- 
dius R — G.lRstar = 95 X 10'' km. The absorption 
we derived was Ay = 15.4 magnitudes, and the distance 
D — 8.4 kpc. The x^/dof value of the fit is 17/42. The 
main result given by this SED is that in the case of ICR 
J16195-4945, as for IGR J 16318-4848, there is a need 
for an extra (e.g. dust) component in order to fit its SED. 



ACKNOWLEDGEMENTS 



Based on observations collected at the European South- 
ern Observatory, Chile (observing proposals ESO N° 
70.D-0340, ESO 71.D-0073, 075.D-0773 and 077.D- 
0721). SC is grateful to Leonardo Pellizza and Jerome 
Rodriguez for a careful rereading of the manuscript. SC 
would like also to thank the organisers for the opportunity 
to report on these exciting results on newly discovered 
INTEGRAL sources, and also for a very nice organisation 
of this workshop, fruitful to arise scientific discussions 
and new ideas. 
Bojinioe cnacii6o, IIoKa! 



Filliatre, P. & Chaty, S. 2004, Astrophys. J., 616, 469 

Gallo, E., Fender, R. P., & Pooley, G. G. 2003, Mon. Not. 
R. astr Soc, 344, 60 

Gonzalez-Riestra, R., Oosterbroek, T., Kuulkers, E., Orr, 
A., & Pai-mar, A. N. 2004, Astron. Asti'ophys., 420, 
589 

Indebetouw, R., Mathis, J. S., Babler, B. L., et al. 2005, 
Astrophys. L, 619, 931 

in't Zand, J. J. M. 2005, Astron. Astrophys., 441, LI 

in't Zand, J. J. M., Jonker, P. G., Nelemans, G., Steeghs, 
D., & O'Brien, K. 2006, Astron. Asti'ophys., 448, 1101 

Matt, G. & Guainazzi, M. 2003, Mon. Not. R. astr Soc, 
341, L13 

Negueruela, I., Smith, D., Reig, P., Chaty, S., & ToiTe- 
jon, J. 2006, in Proceedings of "The X-ray Universe 
2005", held in San Lorenzo de El Escorial (Madrid, 
Spain), 26-30 September 2005, ESA-SP 604, in press, 
astro-ph/05 11088 

Negueruela, I., Smith, D. M., & Chaty, S. 2005, The As- 
tronomer's Telegram, 429, 1 

Negueruela, I., Smith, D. M., Harrison, T. E., & Torrejon, 
J. M. 2006, Astrophys. J., 638, 982 

Pandey, M., Manchanda, R. K., Rao, A. P., Durouchoux, 
P., & Ishwara-Chandra. 2006, Astron. Astrophys., 446, 
471 

Pelhzza, L. J., Chaty, S., & Negueruela, I. 2006, Astron. 
Astrophys., 455, 653 

Rieke, G. & Lebofsky, M. 1985, Astrophys. J., 288, 618 

Sunyaev, R. A., Grebenev, S. A., Lutovinov, A. A., et al. 
2003, The Astronomer's Telegram, 190, 1 

Tomsick, J. A., Chaty, S., Rodriguez, J., et al. 2006, As- 
trophys. J., 647, 1309 

Tomsick, J. A., Lingenfelter, R., Corbel, S., Goldwurm, 
A., & Kaaret, P 2004, in ESA SP-552: 5th INTE- 
GRAL Workshop on the INTEGRAL Universe, ed. 
V. Schoenfelder, G. Lichti, & C. Winkler, 413-416 

Tovmassian, G., Tomsick, J. A., & Mennickent, R. 2006, 
The Astronomer's Telegram, 804, 1 

Walter, R., Rodriguez, J., Foschini, L., et al. 2003, As- 
tron. Astrophys., 411, L427 

Zurita Heras, J. A., de Cesai-e, G., Walter, R., et al. 2006, 
Astron. Astrophys., 448, 261 



REFERENCES 

Bird, A. J., Barlow, E. J., Bassani, L., et al. 2006, Astro- 
phys. J., 636, 765 

Cadolle Bel, M., Ribo, M., Rodriguez, J., et al. 2006, 
Astrophys. J., subm. 

Chaty, S. & Filliatre, P 2005, Astrophys. Sp. Sci., 297, 
235 

Courvoisier, T. J.-L., Walter, R., Rodriguez, J., Bouchet, 
L., & Lutovinov, A. A. 2003, lAU Circ, 8063, 3 



